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Chapter 11

APPROACHES TO SELECTION AND FITTING OF AMPLIFICATION

AND TODDLERS

KATHRYN L. BEAUCHAINE

Boys Town National Research Hospital
Omaha, NE

Lmplicit in the goal of carly identification of hearing loss
is the early initiation of habilitation and amplification. The
focus of this paper is to address three areas related to am-
plification of hearing-impaired infants and toddlers (birth
to 18 months): identification issues as they relate to carly
amplification. selection of amplification, and assessient of
aided function.

IDENTIFICATION ISSUES

The Goal of Early Identification of Hearing Loss

The Joint Committee on Infant Hearing (JCIH) supports
the early identification of hearing loss and initiation of
carly interyvention services (ASHA, 1991). The current ree-
ommendation is to screen the hearing of at-risk neonates
(birth to 28 days) by 3 months of age and to have diagnostic
ABR testing completed no more than 6 months later. In-
fants {29 davs to 2 vears) who are found to have arisk factor
should be tested as soon as possible after the identification
of the risk factor. or at least within 3 months after the factor
has been idntified.

The justification for carly identification of hearing loss is
two-fold. First, the notion of critical periods for language
acquisition is well accepted. Second. animal studies sup-
port the notion that lack of input to the auditory system
may result in physiological and/or pathological changes in
the auditory nervous system (for a review, see Ross & See-
wald. 1988).

The statistics on early identification of hearing loss show
variable results, and, in general, suggest that we have not
{ulfilled our goal. Reports over the past 5 vears suggest that
the average age of identification varies from 7.6 months to
19.0 months of age (Elssmann, Matkin, & Subo. 1987:
Mace., Wallace, Whan, & Stelmachowicz, in press: Ma-
honey & Eichwald, 1986: Stein, Jabaley, Spitz, Stoakley. &
McGee, 1990). Mace et al. (in press) reported a wide age
range for identification of hearing loss depending on the
degree of oss. In general, children with moderate losses or

groeater were identified before 2 vears of age. Thus, most of
the infants and toddlers currently fit with amplification will
have at least a moderate hearing loss.

The definition of educationally significant hearing loss
has expanded in the past 10 years to include those with
mild and unilateral hearing loss (Bess, 19853: Bess &
Tharpe. 1986: Blair. Peterson. & Vichweg, 1985: Oyler,
Ovler, & Matkin. 1987). Recent data suggest that these
children typically are not identified until they are older
than § vears of age (Mace et al., in press), well beyond the
infant and toddler vears.

Impact of Technology

Technological advances have affected carly fitting of am-
plification on two levels: testing options and amplification
devices. The effect on testing options will be discussed
first.

Current technology has affected both our ability to iden-
tify hearing loss and to measure aided status. For example.
the use of auditory brainstem response (ABR) testing in the
intensive care nursery has enhanced our ability to provide
carly diagnosis of hearing loss. Also. there is some promise
in the use of evoked otoacoustic enussions (OAE) for use in
the identification of hearing loss (Bray & Kemp., 1987).
Aided testing with probe-tube microphone systems has fur-
thered our ability to provide reliable measures of insertion
and in situ gain and real-ear estimates of SSPLY0.

Inroads also have been made in amplification systems.
One of the most visible effects has been a reduction in the
size of car-level instruments, which are the devices most
commonly fit on voung children (Martin & Gravel. 1989).
In small children, this can enhance retention of the device.
In some cases, it also mayv enhance the parent’s acceptance
of the device. Improvements have been made in the in-
creased flexibility of amplification devices, including hear-
ing aids and auditory trainers, This flexibility is further in-
creased with the availability of the special purpose Etymo-
tic (e.g.. low-pass. noteh-filtered) and other filtered tone
hooks. There also are other options available to improve
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retention of car-lev el devices (e g, Huggie aids and smaller
tone hooks). With the advent of the tamper-proof battery
compartment. safety issues have begun to be addressed.
Computerized preselection systems have had an effect on
adult hearing aid fittings, and by the end of 1991 a comput-
erized preselection system for voung children may be com-
mercially available (Seewald, personal communication). Ad-
sanced circuitry (e.g.. antomatic signal processing. other
noise-reduction circuits and the Etvmotic K-amp) has been
emploved in some devices with adult patients, but their
efficacy for use with infants and toddlers has not heen es-
tablished.

SELECTION AND FITTING OF
AMPLIFICATION SYSTEMS

Key Considerations in Pediatric Amplification

When selecting amplification for infunts and toddlers,
there are both acoustical and practical issues to consider,
Because modifications may need to be done as more infor-

mation about the residual hearing becomes available or iff

the child experiences fluctuating hearing loss. it is impor-
tant to choose a device that has flexible electroacoustic
characteristics. The device should aiso be compatible with
arvariety of tone hooks to further enhance its flexibility.

The additiv e advantages of directional microphones and
binaural fitting have been demonstrated (Hawkins & Ya-
cullo, 1984) and should be considered essential for pediat-
rie fittings. The availability of dircet audio input is impor-
tant given the likelihood that the child will use an auditory
training device in the habilitation program. For this same
reason. the telecoil strength should be a consi-te=ton in
the event that the child will use an auditory trau ith a
neck loop.

Ou a practical level, tamper-resistant battery compart-
ments can improve the safety of the fitting in this age
group. Regardless of whether this safety device is used, the
parents should be provided with hearing aid battery pre-
cautions and the National Battery Ingestion Hotline num-
ber. Volume control covers can be used to ensure that the
recommended setting is maintained. Loss and damage
warranties should be considered, and the parents should he
encouraged to insure the devices after the manufacturer’s
warranty expires.

Formula Approaches for Fitting Gain and Qutput

For voung children, the use of formula or preseriptive
approaches for fitting gain and output is essential. In most
cases, the goal is to ensure that speech is audible within the
patient’s dynamic range (Skinner, 1988: Skinner, Pascoce,
Miller, & Popelka. 1982). A critical consideration in using
anv formula approach is to keep the fitting goal in mind.
The long-term specch spectram used to define average con-
versational speech affects the extent to which a fitting is
viewed as suceessful. Variations in the speech spectrumare
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accounted for by gender. age. distance, how the measure-
ment is made. and what stimulus is used to generate the
speech sigual (Cox & Moore, 1989: Olsen, Hawkins, & Van
Tasell. 1957). Cornelisse. Gagne, & Seewald (1991) evalu-
ated the speech spectrum of various talkers at a reference

position (30 cm and 0° from the mouth) and at the tragus of

the tatker. They observed that at the tragus, more low fre-
quencies and fewer high frequencies were measured than
at the reference position. They suggested that we must re-
member that the speech spectrum delivered to the ear is
different if the patient is a listener versus a talker and that
we need to think of the patient as a communicator as well as
a listener. The talker's ability to monitor his or her own
speech also must be cousidered as critical.

Various speech spectra have been characterized on dB
SPL and dB HL audiograms (Olsen et al., 1987: Skinner,
1988). Recently. Mueller & Killion (1990) proposed using
asimplified method to caleulate an Articulation Index (AD,
shown in Figure I, that can be used for decision-making
and for patient counseling. The Al has been used to predict
the intelligibility of speech (e.g., Dirks, Bell, Rossman. &
Kincaid. 1986: Pavlovic. 1988, 1989).

Humes & Hackett (1990) and Sullivan, Levitt, Hwang,
and Hennessey (1988) have shown that comparisons be-
tween adult prescriptive approaches suggest no major dif-
ferences in aided speech scores. Thus. to date. no adult
formula approach clearly has been shown to be superior.

There is some question that these adult formulas cannot
simply be applied to infants and toddlers because of the
many differences between these two groups. Perhaps the
primary difference is that infants and toddlers are learning
speech and language and may require a better signal-to-
noise ratio or greater input than an adventitiously hearing-
impaired adult. Further, the substantially smaller ear-canal

250 800 1K 2K 4K

80

100

FiGURE 1. The count-the-dot audiogram for calculation of an Artic-
ulation Index (A (Muceller & Killion, 1990).
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size has several ramifications. First. it may affect the SPL
delivered to the car {Feigin. Kopun, Stelmachowicz, &
Gorga. 1989). Secondly. it has been shown that the reso-
nance frequencey of the car canal in children below 2 years
of age is higher than in an adult (Kruger, 1957). Further.
the size of the infant/toddler ear also can affect the carmold
fitting such that on the smallest ears, even a tube fitting
may actually occlude the entire canal. Thus, most modifica-
tions in this population must be made electroacoustically
rather than with carmold modifications. Tn this age group,
we often have less threshold information and lidle. if any,
speech recognition information. It is not possible to mea-
sure most comfortable loudness (MCL) or loudness discom-
fort levels (LDL). thus, fittings must be based on threshold
data alone. Infants and toddlers have limited abilities for
communicating their reactions to amplification. Conse-
quently, we must be able to troubleshoot systematically
their reactions to amplification. We must step through pos-
sible problems, from fit and comfort of the carmolds to the
fit or tunction of the hearing aids.

Two threshold-based approaches for fitting amplification
that are specific to children will be discussed next. The first
is the optimal aided andiogram that has been popularized
by Matkin (1987). The target aided thresholds are shownin
Table 1. The rationale for these targets is to provide aided
thresholds within the average conversational speech spec-
trum. with 5 dB of veserve gain. It should be noted that
these targets are not intended for profound losses, where
the goal may be altered to the detection of speech.

The sccond pediatric approach is the desired sensation
level (DSL) approach. proposed by Seewald. Ross and col-
leagnes (Ross & Sceewald, 1988: Scewald, 1988: Scewald,
Ross. & Spiro. 1985: Seewald, Ross, & Stelmachowicz,
1987 Stelmachowicz & Seewald, 1991). The goal of this
fitting procedure is to deliver an amplified speech signal to
the child that maximizes residual hearing across frequency
(Ross & Scewald, 1988). The recommendations for the am-
plified desired sensation level of speech are shown in Fig-
ure 2. Note that the desired sensation level varies as a fune-
tion of degree of hearing loss on a frequency-by-frequencey
basis. This approach provides targets to accommodate any
given hearing loss.

Both of these pediatric approaches have recommenda-
tions for SSPLYQ that vary with the degree of hearing loss
and are based on average expectations. Previous research
has shown that LDLs vary with frequency and cannot be
predicted from threshold (Hawkins. Walden, Montgomery,
& Prosek. 1987: Kawell, Kopun, & Stelmachowicz., 1988).
Work with children has provided reliable methods to esti-
mate LDLs in children as voung as 5 vears mental age (Mace-
pherson, Elfenbein. Schum, & Bentler, in press). There are

TaBLE 1. Optimal aided thresholds (Matkin, 1987).

Frequeney (1z)
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no proven solutions. however. for obtaining LDLs in chil-
dren vounger than 5 vears of age. If we are unable to make
real-ear measures, we must depend on average values for
real-car to coupler differences. and to use these values to
estitnate and select real-car SPL (Feigin etal., 1989). Care-
ful obseryation of the child's behavior for loudness intoles-
ance is critical, and thresholds must be monitored for possi-
ble changes,

For infants and toddlers, decisions about electroacoustic
characteristics often must be made with minimal informa-
tion. Liniited behavioral test data must be supplemented
with the behavioral observations of parents and teachers
and with evoked potential test findings, ABR testing with
clicks alene is not a solution to the problem of limited
threshold information because the click-evoked ABR esti-
mates only a limited frequeney region. For this reason.
click-evoked ABRs should be supplemented with tone-
evoked ABRs (Gorga, Kaminski, Beauchaine, & Jesteadt,
1988: Stapells. Picton. Perez-Abalo. Read. & Smith, 1985).
These tone-evoked ABR thresholds can be used to estimate
behavioral thresholds.

Facilitating Adjustment to Amplification

One aspect of facilitating adjustment to amplification is
addressed through communication with the parents, care-
givers. and therapists. They should be trained to trouble-
shoot and care for the devices. To do so eflectively. they
should be provided with the necessary information and
tools (¢.g.. a listening tube or stethoscope. a battery tester,
an carmold blower, extra batteries, and a moisture-redue-
tion device). Close contact with the parents, caregivers.
and therapists during the initial phases of fitting assists in
monitoring progress, and encouragement can he provided.
With this close communication, fitting expectations can be
compared with the child’s performance. questions and is-
sues addressed. and intervention strategies that enhance
auditory skill development can be developed.

Audiologic follow-up visits are planued at frequent inter-
vals to monitor thresholds. to ensure adequate adjustiment
to amplification, and to change settings on the hearing aid
as new information is acquired. Some investigators have
suggested that infants and toddlers be seen at least every 3
months for audiologicat assessment (Matkin, 1957 Stehma-
chowicz, Larson, Johuson. & Mocller. 1985).

Recent Expansions

Two recent expansions in fitting amplification have been
in the arcas of fitting children with unilateral hearing loss
and the home use of auditory trainers. Because the foens of
this discussion is s infants and toddlers, we will not discuss
unilateral hearing losses because, as noted above, these are
not often identified prior to 4 vears of age (Mace et al. in
press).

Infants and toddlers may be candidates for the home use
of auditory trainers. Some centers have used auditory
trainers in this application as the primary and initial deviee
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Ficure 2. The desired sensation levels (DSL) for the amplified long-term speech spectrum. Levels
oo plotted as a function of sound field thresholds and frequency (Seewald & Ross. 1955).

for children with severe to profound losses. Benoit (1959)
reported on a group of 1-to t-vear-olds with severe. pro-
{found hearing loss who were fit with auditory trainers for
home use. The parents in that study reported that use of
the deviee incereased the amount that they talked to their
child. They also reported that the microphone-transmitter
acted as a reminder to talk to their child. However. there
was no actual testing done on the children in this study to
evaluate changes in their speech, language. or auditory
skills. More research in this arca is necessary to delincate
further the efficacy of home use of these devices.

ASSESSMENT OF AIDED
PERFORMANCE

Behavioral Methods

Behavioral and objective methods Fue assessment of
aided performance will be discussed next. In the area of

hehavioral methods. functional gain has been used to esti-
nuate insertion gain. The reliability of aided sound field
thresholds and functional gain has been addressed in adults
(Hawkins. Montgomery, Prosck. & Walden, 1987 Humes
& Kirn, 1990) and children as voung as age 5 years (Stuart,
Duricux-Smith. & Stenstrom. 1990): however. the reliabil-
ity of aided sound field thresholds for infants and toddlers
has not been studied. Functional gain or aided sound field
thresholds can he used in cases when probe-tube micro-
phone measures e not possible. for example. when there
is limited cooperation for probe-tube microphone mea-
sures. when there is wax or slight drainage in the ear canal,
in cases of atresia or stenosis, in the assessment of a bone-
conduction device. and if there is limited access to probe-
tube microphone equipment. The limitations of functional
gain as compared to probe-tube microphone measures in-
clude the fact that measures are not valid if there are re-
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gions of normal sensitivity (Rines, Stelmachowicz, &
Gorga. 1954). Behavioral methods are more time-consum-
ing and provide only threshold information. with no esti-
mate of aided performance for speech-level inputs or hear-
ing aid maximum output.

Objective Methods

Two objective methods will be discussed: probe-tube mi-
crophone measures and ABR measures. Probe-tube micro-
phone measures provide ohjective real-car estimates of in
situ and insertion gain and SSPLY0. One advantage the
measures have over functional gain is that they can reflect
aided performance for average speech inputs. Other ad-
vantages are (a) they account for the impedance. reso-
nance. carmold. and insertion loss on an individual: (b) they
are fast. so many comparisons can he obtained in a short
time: (¢) they provide good frequency resolution: (d) esti-
mates of gain can be obtained in regions of normal hearing:
and (¢) real-car SSPLY0 can be documented.

The limitations of using probe-tube measures with the
pediatric population are that some car canals may prove to
be too small for placement of the probe and earmold with-
out feedback. especially in cases of severe to profound
hearing loss. and some children simply may not tolerate the
procedure.

Real-car measures. however, are especially useful be-
canet- of the demonstrated range of variability of real-car to
coupler differences hetween subjeets. Feigin et al. (1989)
evaluated and compared these differences in children from
t weeks to 5 vears of age and in a group of adults. For the
children. mean real-ear to coupler differences were greater
than that obsersed for adults at all frequencies. The chil-
dren showed a larger difference than adults. hut with the
same pattern. that is, greater real-ear to coupler differ-
ences with increasinghy higher frequencies. For children,
10% of the time this difference esceeded 14 dB. whereas.
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in adults, 10% of the time this difference exceeded only
S dB. The authors concluded that there was a greater risk
of overamplification with children if 2¢m® coupler values
were used to estimate SSPLYO. Unfortunately. ear canal
volunre alone was not a useful predictor of this difference.

Consideration should be given also to situations in which
insertion gain and functional gain do not agree. Some of
these instances have been deseribed by Stehnachowicz and
Lewis (1988) and will be reviewed briefly here. As previ-
oushy stated, when there are regions of normal hearing,
functional gain is not an accurate estimate of the SPL devel-
oped in the car hecanse internal hearing aid noise can mask
aided thresholds. Thus. functional gain would underesti-
mate insertion gain in those cases. Also. if a hearing aid is
set with high gain and low output. functional gain oy eresti-
mates actual gain for average speech inputs. Also. in some
patients with profound heating loss. “thresholds™ may be
vibrotactile rather than auditory responses and insertion
gain may overestimate functional gain.

Another ohjective approach to amplification is through
the use of evoked potentials. The ABR has been proposed
for use in hearing aid selection and assessment (for a re-
view. see Beanchaine & Gorga, 1988; and Mahoney,
1953). Parameters that have been evaluated inchide com-
parisons of aided and unaided responses for (@) latency
shifts (Cox & Metz, 1980 McPherson & Clark, 1953).(b)
thresholds shifts (Beauchaine, Gorga, Reiland. & Larson,
1956: Kiteny, 1982). and (¢} changes in the slope of fa-
tenev-intensity function (Hecox. 1983). Others have pro-
posed using amplitude to estimate loudness (Davidson.
Wall, & Goodman. 1990) and to preseribe maximum out-
put andfor the need for compression (Keissling, 1952:
1983). To date. conflicting results have been reported
abont the relationship between ABR amplitude and loud-
ness (Darling & Prinee. 1990 Davidson et al.. 1990).
Thornton, Yardley, and Farrell (1987) and Thornton,
Farrell, and MceSporran (19589 have postulated nsing the
stope of the tateney-intensity function to estimate LDLL.

Although promising. many problems have been identi-
fied in using the ABR for hearing aid evaluation and assess-
ment. Each hearing aid introduces changes in the stimulus
hecause it acts as a fitter. Kileny (1982) demonstrated that
the hearing aid can ring after 1 transient is introduced. af-
fecting the response. Temporal delays introduced by the
hearing aid are not predictable (Beauchaine et al.. 1986).
Unless measured and accounted for individuatly, the ten-
poral delays may affect the supposed success of a fitting
suggested by lateney shifts, Compression cirenits cannot be
assessed with the ABR because the stimuli necessary to
clicit the ABR are shorter than the compression times in
the aids and the attack time of the hearing aid cannot follow
the transient stimuli: vet even this relationship is not pre-
dictable (Gorga, Beauchaine. & Reitand. 19857). Most of the
ABR-hearing aid work has been done with clicks. and this
stimulus typically estimates high-frequency sensitivity
(Coats & Martin. 1977: Jerger & Mauldin. 197%: Gorga.
Worthington. Reiland. Beauchaine, & Goldgar, 1985). For
profound losses. predictions of gain cannot be made from
ABR data hecause there is no baseline for comparison. Fi-
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nally, the relationship between loudness and amplitude
and slape is not clearly established.

Given these precautions and problems with using the
ABR to fit and evaluate hearing aids, a recommended pro-
tocol for patients on whon we cannot obtain behavioral
thresholds might he to obtain frequency-specific ABR
thresholds for a range of frequencies to estimate behavioral
thresholds, Next. preselect a hearing aid or device using a
method with a goal to make speech audible. Gain and out-
put should be assessed in a coupler for estimates of these
parameters, with weerage real-car to coupler differences
applied. and individual probe-tube microphone assess-
ments should be used when possible. The child should be
monitored with continued atterapts at behavioral thresh-
olds in the unaided condition. and adjustments made in the
amplification as new information is obtained.

SUMMARY

In summary, carly intervention is feasible on almost any
patient given current technology. Technological advances
have influenced early identification and amplification. Ad-
vantages in speech futelligibaity have been demonstrated
for improving signal-to-noise ratios. Research has delin-
cated similarities and differences between children and
adults. Although much progress has been made, many ques-
tions remain when fitting infants and toddlers, especially in
the arca of validation of the device of choice, A focus of the
fitting scheme should include the parents or caregivers as
kev figures in the success of amplification selection and fit-
ting. Without their support, acceptance. cooperation. and
enthusiasim. the child will not succeed with use of amplifi-
cation no matter what selection and assessment pl‘()(‘f‘(]ll res
are used.
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